Summary
In Both chronic (1) and acute ethanol administration (2) have been shown to inhibit net absorption of calcium by everted duodenal gut sacs. Since calcium can also be actively absorbed (3) (4) (5) (6) and secreted in the ileum (4, (6) (7) (8) and the effect of ethanol on ileal calcium transport in rats has not been studied, the present ex periments thus aimed to investigate the acute effects of intragastric administration of ethanol on net fluid and calcium absorption in vivo and by using an in situ intestinal loop technique to quantitate the calcium fluxes in the duodenum and ileum.
MATERIALS AND METHODS
Male Fisher rats weighing 180-200g and fed commercial laboratory chow (Gold Coin Ltd., Singapore) served as experimental animals. The animals were fasted for 20h with access to tap water before study. In every experiment, 3ml of 10mg CaCl2 dissolved in normal saline or 10mg CaC12 dissolved in 3g/kg BW ethanol (given as 20% v/v solution) were given intragastrically to the control and 
RESULTS
In vivo studies As shown in Fig. 1 , the volumes of test solution remaining in the stomach , small intestine and the total volume in percentage of administered dose were significantly higher in the ethanol-treated group (p<0.005) than in controls . The amounts of calcium (percentage of administered dose) remaining in the stomach , intestine and the total calcium content in the ethanol-treated group (Fig . 2) were also significantly higher than in the control group.
To substantiate the finding that ethanol may decrease intestinal absorption of calcium or increase calcium secretion, 45Ca was injected intravenously and the luminal 45Ca content was determined. As illustrated in Fig . 3 , the secretion of 45Ca into the gastrointestinal tract was markedly enhance by ethanol administration .
In situ studies Figure 4 shows the effect of ethanol administration on calcium fluxes across the in the CaL-P in the duodenum and the increase in the CaP-L induced by ethanol administration did not involve accumulation of calcium in the mucosa cells but represented changes in calcium movement across the mucosa cells .
DISCUSSION
Preliminary in vivo experiments demonstrated a reduction of net absorption of fluid and calcium after acute ethanol administration, consistent with previous reports (2) . The reduction in net absorption of fluid is partly due to ethanol-induced delay in gastric emptying (10, 11) and the direct inhibitory effect of ethanol on fluid absorption (12) . The increase in gastric calcium content can be explained in terms of gastric retention of test solution and also by an increase in gastric secretion of calcium as demonstrated by an increase in gastric 45Ca content after an intravenous 45Ca injection . Since acute intragastric administration of ethanol was reported to result in hemorrhagic erosion of the stomach and small intestine (13, 14) , the observed increase in gastric calcium secretion may have occurred secondarily to gastric mucosa damage.
In the rat, absorption of calcium is more rapid at the duodenum than at the ileum both in vitro (15, 16) and in vivo (3, 17, 18) and is composed of saturable and unsaturable components. Since the concentration of calcium in the luminal solution in the present study was 0.9mM, which is lower than the plasma ionized calcium concentration (1.25mM), calcium absorption across the gut wall was mainly by active transport. Krawitt (2) has suggested that acute ethanol administration inhibited the net duodenal calcium absorption by virtue of its direct toxic effect on the duodenal epithelium. Morphological changes (14, 19) including ultrastructural alterations (20) of the mucosa of the small intestine after acute and chronic intake of ethanol have been reported but the actual mechanism by which ethanol inhibited calcium absorption has not been elucidated. The present work demonstrated that the inhibition of net duodenal calcium absorption was due to a reduction in the CaL-P with Ca P-L being unaltered, suggesting that the damage may reside in the active absorption of calcium. Although the Ca-ATPase activity was not determined, it is possible that ethanol may inhibit the duodenal Ca-ATPase in similar manner to the ethanol-induced inhibition of jejunal Na-K-ATPase (21) .
In contrast to the duodenum, the suppressive effect of ethanol on ileal net calcium absorption was due to an increase in the CaP-L confirming the increase in intestinal 45Ca content seen in the in vivo experiments. Controversies exist concern ing the mechanism of calcium absorption in the ileum. It has been reported that the ileum is unresponsive to 1,25(OH)2D3 (22) (23) (24) (25) and is likely to act only in the nonsaturable transport of calcium. On the other hand, evidence for the existence of active calcium absorption has also been reported (4, 5, 26) . In the present study net absorption of calcium was observed in the ileum at a luminal calcium concentration (0.9mM) lower than the plasma ionized calcium concentration although at a rate lower than that occurring in the duodenum. The CaL-P was lower in the ileum than in the duodenum but the CaP-L in these two segments were similar. However, ethanol administration markedly enhanced the CaP-L but did not affect the CaL-P, thus resulting in net secretion of calcium. The different responses seen in the duodenum and ileum may be due to different properties of the transport me chanisms and the different concentrations of ethanol to which they were exposed.
It is agreed that the rat ileum is an important site for calcium secretion (5-8). Evidence has indicated that the CaP-L in the ileum is mainly paracellular (6, 26) , increases with increasing medium calcium and does not exhibit saturation kinetics. Moreover, it is not abolished by metabolic inhibitors and is not temperature sensitive (26) . Little information is available regarding factors that regulate the calcium secretion. Nevertheless the ultrastructural changes that have been observed in the gastrointestinal tract of rats and humans after the ingestion of ethanol (14, 20) may contribute to the observed alterations of intestinal calcium transport.
